143
demonstrate the distinctive features of one variety of extrasystole from another.
A physiological contraction of the heart commences in the muscle fibres of the superior vena cava, and each stimulus to contraction, passing thence to the auricles, is thereafter conducted by means of the auriculo-ventricular bundle to the musculature of the ventricles, which in turn respond by contracting. The auriculo-ventricular bundle, which has been so carefully and thoroughly studied by Tawara,1 and by Keith and Flack,2 and which is the remnant of the auricular canal of the embryonic heart, is therefore the functional bond of union between the auricles and the ventricles.
The muscle fibres of the bundle, starting as a network within the auricular walls, converge to form a nodal point in the inter-auricular septum close above the line of attachment of the mesial segment of the tricuspid valve. The main stem of the bundle passes onwards from the nodal point through the fibrous auriculo-ventricular ring. In the inter-ventricular septum the main stem divides into two branches, one for each ventricle, and ramifying fibres of each branch, passing as Purkinje's fibres in the sub-endocardial connective tissue, terminate in the myocardial fibres of the ventricular walls and in their papillary muscles.
The auriculo-ventricular bundle may therefore be regarded as consisting of two portions, an auricular and a ventricular, united by the intervening nodal point.
While the a-v bundle provides a muscular connection between the auricles and the ventricles, there is an analogous continuity between the muscle fibres of the superior vena cava and those of the auricles, as has been demonstrated by Wenckebach,3 and also by Keith and Flack.4 Although the a-v bundle contains nerve cells and nerve fibres as well as muscle fibres, the supporters of the myogenetic theory claim that the normal stimuli to contraction are conducted from the vena cava to the auricles, and from the latter to the ventricles, by means of the connecting muscle fibres ; but whether this be true or not, the normal sequence of contraction is vena cava, auricles, ventricles.
One of the most frequent forms of cardiac irregularity is that in which the normal rhythm of the heart is now and again interrupted by a premature beat, occurring because In the arterial tracing of Fig. 2 the normal pulse period is 5 4-fifths of a second. After three normal periods there is a small extra-systolic wave, commencing 3-j-fifths of a second after the beginning of the preceding normal pulse wave. The large post-extra-systolic wave commences 5 f-fifths of a second later.
Thus the time elapsing between the pre-extra-systolic and the post-extra-systolic waves is 9-fifths of a second, whereas twice the normal pulse period is ioi-fifths of a second. As the post-extra-systolic beat occurred sooner than it would have if the physiological rhythm had been maintained, the post-extra-systolic pause is spoken of as " incomplete." The explanation of this pause will be referred to later.
Although an extra-systolic irregularity is clearly demonstrated in the sphygmogram, we cannot determine by this means alone to which variety the extra-systole belongs. When the jugular tracing is examined, however, we find, at first, the normal sequence of the waves a, c and v.
At the time of the extra-systole there are likewise three waves, a', c'', and v\ but each is premature. Both the auricles and the ventricles have therefore participated in the extra-systole, and as the auricle wave, a, occurs more than an appreciable time to travel backwards to the auricles. In Fig. 2 In Fig. 4 The third feature common to auriculo-ventricular extrasystoles is the absence from the jugular tracing (see Fig. 4 These extra-systoles are most likely to be mistaken for those of the auricular variety. The main feature which distinguishes them from the latter is that the interval between the extrasystolic contraction of the auricle and that of the ventricle is less than the normal A-V interval, because the extra-systolic stimulus starts from a point in the bundle connecting those chambers, whereas in an auricular extra-systole the A-V interval is greater than normal, as has been already explained.
(Ji) When the auricles and ventricles contract simul- Fig. 5 . The tracings were obtained from a female patient, aged 22, who was suffering from anaemia and from the injurious influence of tobacco.
The time of commencement of the extra-systolic contraction of the ventricles is marked by an interrupted line in each tracing. The jugular tracing demonstrates that the extra-systolic beat of the ventricle preceded that of the auricle ; by measurement it is found that both the auricle and the ventricle contract prematurely in the extra-systole, and that the interval between the ventricular contraction and the auricular on that occasion is less than the A-V interval elsewhere in the tracing.
The events recorded in Fig. 5 are shown in the next diagram (Fig. 6) In Fig. 9 it is interesting to observe that when the heart is beating relatively slowly, the wave, c, is followed by a wave, a, indicating that both the ventricles and the auricles contract, and that the heterotopic stimuli are conducted both onwards and backwards.
But when the ventricles beat more rapidly in response to very frequent stimuli, we find a single wave, c, in the jugular tracing. The auricles had then failed to contract to the early stimulus, the reason probably being that, if stimuli are produced too rapidly, the a-v bundle is unable to conduct all of them backwards to the auricular fibres.
In patients with tricuspid incompetence, and continued irregularity of the heart's action, the determination of the starting-point of each effective stimulus is neither so easy nor so precise as in the case already analysed, because the jugular tracing is that of a ventricular venous pulse (Fig. 10) . The tracings in Fig. 10 pre-extra-systole to that of the post-extra-systole is 2? + 7f-fifths of a second, and is therefore exactly equal to the preceding physiological inter-systolic period which measures ioi-fifths of a second.
3. The last form of ventricular extra-systole is that in which the post-extra-systolic period is equal to the extrasystolic period itself. This is illustrated in Fig. 11 , in which both the last period?a physiological one?and the preceding extra-systolic period are exactly equal to 8^-fifths of a second. The same form of extra-systole is also illustrated in Fig. 12 , in which the first extra-systolic period and the succeeding physiological period are both equal to 9-fifths of a second. This form of extra-systole occurs only when there is a complete auriculo-ventricular heart-block. As no stimulus can be transmitted either from the auricles to the ventricles, or from the ventricles to the auricles, in consequence of the block, the ventricles in such a case are beating with their own inherent rhythm. After an extra-systolic ventricular contraction the usual full period of time must elapse before the next stimulus to the ventricles is effective.
